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SEROLOGIC INVESTIGATIONS OP MYCOBACTERIAL ANTIGENS
I. INTRODUCTION
The results of earlier Investigations revealed that the 
purified mycobacterial polysaccharides would react in high 
dilutions with immune serum (1 ), however attempts to recover 
mycobacterial polysaccharides of immunologic significance 
comparable to that of the capsular material of the pneumo­
cocci were unsuccessful. Fur the more, none of the poly­
saccharides Isolated from the somatic portion of the cell 
or from the culture filtrates demonstrated type specificity.
Further Investigation of the mycobacteria showed that 
type specificity was apparently associated with the proteins 
of the organisms (2). However, it was necessary to perform 
inhibition and adsorption tests to detect serologic differ­
ences .
Reinvestigation of the mycobacterial antigens as possi­
ble aids in the serologic diagnosis of tuberculosis was un­
dertaken by Middlebrook and Dubos (3) who reacted tuberculous 
sera with sheep erythrocytes previously sensitized with bac- 
illary extracts. Presumably the erythrocytes adsorbed only 
polysaccharides. Although subsequent clinical evaluation of 
this test and its hemolytic modification (Ij.) failed to reveal 
the necessary specificity, the procedures are of value in the 
experimental investigation of antigens. By sensitizing red
-1-
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cells with various tuberculins, the antigenic relationships 
among mycobacteria have been studied (5 )* As in earlier 
research, adsorption and inhibition techniques were neces­
sary to define these relationships.
The present study is concerned with the serologic char­
acteristics of erythrocyte-sensitizing substances in Lederle 
Old Tuberculin and water and saline extracts prepared from 
bacillsry masses of mycobacteria. In order to preserve the 
integrity of the cell components and complexes, the organisms 
were not defatted prior to extraction, since unlike most in­
vestigations the chemical nature of the antigens has not been 
of primary concern.
II. REVIEW OF THE LITERATURE
The volume of literature concerned with the many aspects 
of tuberculosis is overwhelming. However, from time to time, 
a number of excellent books (6 ,7 ) end reviews (8,9,10) have 
appeared which facilitates the selection of literature that 
is fundamental to a given area of interest.
Since this dissertation deals with the antigens of the 
mycobacteria, more precisely, with the serologic specificity 
of erythrocyte-adsorbable antigens, the review to the litera­
ture will deal initially with those Investigations of the 
antigens of the mycobacteria the results of which have not 
been materially altered by subsequent research. Finally, 
the role of the hemagglutination and hemolytic techniques 
8s investigative procedures will be considered.
Serological Activity of Carbohydrates Isolated from 
the Somatic Portion of the Mycobacterial Cell
In 1925» Laidlaw and Dudley (11) extracted a defatted 
human strain of M. tuberculosis with ,fmild warm alkali*1 and 
isolated polysaccharide material which contained two compo­
nents. One was Identified as glycogen, while the second, 
although no crystalline derivatives could be prepared, was 
found to contain 30.6$ pentose. In the precipitin test, the 
unidentified component reacted with homologous serum In a
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dilution of 1 :6 ,JfOO,000 and apparently was haptenic, since 
it did not elicit antibody formation.
Heidelberger end Menzel (12), in 1932, isolated 8 mix­
ture of polysaccharides by extraction with dilute acetic 
acid from defatted M. tuberculosis H37» grown on Long’s 
medium. Glycogen was removed by the enzymatic action of 
saliva and the mixture fractionated with alcohol. Two spe­
cific polysaccharides were separated which reacted with 
homologous antibodies in the immune serum. These poly­
saccharides were not isolated in a completely pure state, 
and adsorption procedures were necessary to demonstrate the 
specificities. It was suggested that at least one of the 
carbohydrates might be common bo all mycobacteria. On the 
basis of the chemical nature of the two isolated fractions, 
the work of Laidlaw and Dudley (11) snd that of Mueller (13)» 
who worked with culture filtrate, could be reconciled since 
these investigators apparently isolated the different indi­
vidual fractions. These conclusions anticipated the demon­
stration of similarities between somatic and filtrate poly­
saccharides and the lack of type-specific carbohydrates.
A more complete account of the extraction procedure and 
an extension of the investigation of the H37 strain was re­
ported by Heidelberger and Menzel (lip) in 1937* The con­
clusions from this study were that the H37 strain yielded a 
mixture of serologically active and Inactive substances and 
that there was no evidence of type specificity in the
-in­
fractions tested, since they reacted with antisera to the 
bovine and avian strains and to the "timothy grass bacillus". 
The serologically active fractions were found to have a high 
pentose content.
This same extraction procedure, when applied to avian 
(15>) and bovine (16) strains, yielded polysaccharides iden­
tical in serological specificities to those of the H37 
strain, although there was considerable variation in the 
amount of serologically-active carbohydrate isolated. There 
also was further evidence of correlation between serologic 
activity and the pentose content of the fractions,
Chergaff and Schaefer (17 )> employing a method of iso­
lation similar to that of Heidelberger and Menzel (12), ob­
tained polysaccharides from BCG. The serologic results were 
consistent with those found with the other strains.
Serological Activity of Carbohydrates Isolated 
from Culture Filtrates of the Mycobacteria
By means of a procedure that was quite rigorous when 
compared with subsequent methods, Mueller (13) isolated a 
carbohydrate from the culture filtrate from a human strain 
of tubercle bacillus which reacted in high dilutions with 
immune serum. The biological effect of this material in 
tuberculous guinea pigs was investigated by Enders (18) who 
found that the anaphylactic shock which resulted from its
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injection did not minimize the skin reaction to tuberculin. 
This agreed with the conclusion of Seibert (8 ) who reported 
that the tuberculin reaction is attributable to the protein 
present in tuberculin and not to polysaccharide.
Masucci, McAlpine, and Glenn (19) isolated a polysacchar­
ide, designated as MB-200, from the culture filtrate of the 
H37 strain grown on Long’s medium. In its most purified form, 
it contained 0.3$ nitrogen. The MB-200 also was found to 
possess a high pentose content* Serologically, it had the 
properties of a hapten and reacted with immune horse serum 
in a dilution of 1 :1,200,000.
The results of a further study of this polysaccharide 
(20) revealed that it was composed of units of mannose, d- 
arabinose, and an unidentified sugar acid.
The same procedure was applied to an analysis of "tim- 
othy grass bacillus" culture filtrate by Masucci and Mc­
Alpine (21). The MB-200 from this organism was similar in 
chemical composition and serologic activity to that isolated 
from the H37 filtrate.
An investigation of the change in biological and chemi­
cal properties of the H37 MB-200 after mild acid hydrolysis 
yielded two fractions which were separated on the basis of 
solubility in alcohol (22). One fraction gave a low pre­
cipitin titer (1:22,000). The other fraction contained most 
of the arabinose and was serologically more active as Indi­
cated by the precipitin titer (1:280,000). During the
- ? -
hydrolysis, the elimination of the precipitin titer proceeded 
at a much greater rate than did the cleavage of the poly­
saccharides into simple sugars.
A comparison of the chemical changes in the culture fil­
trates during the growth of the H37 strain and e bovine 
strain was made by Masucci, McAlplne, and Glenn (23)* ^he 
filtrate from the bovine culture contained polysaccharide 
with a low pentose content when compared with similar fil­
trates from the human strain and the "timothy grass bacilli". 
In an attempt to correlate the low precipitin titer with the 
low pentose content of the polysaccharide, it was observed 
that the polysaccharide appeared in the bovine culture fil­
trate earlier than in the H37 culture filtrate. The sugges­
tion was made that the bovine strain may autolyse earlier 
than the human strain and that the sutolysis involves degra­
dation of the serologically active pentose-containing poly­
saccharide. Support for this view was the presence of more 
free pentose in the bovine filtrate than in the H37 filtrate.
During the period 1923-19lj.l, The National Tuberculosis 
Association sponsored a series of cooperative studies on the 
tubercle bacilli (2lj-). The investigations of Heidelberger 
and Masucci end their coworkers were pert of this program. 
Long's media (25) and many of the same strains of organisms 
were employed. Therefore, since the studies were intention­
ally related, they can be summarized as a group.
No type specific polysaccheride was isolated from 
the somatic portion of the cells or from the cul­
ture filtrate.
The polysaccharides reacted as haptens.
At least two serologically active polysaccharides 
could be isolated from both the somatic portion 
of the cells and from the culture filtrate.
Since many more fractions were isolated from the 
cell then from the filtrate, the comparison was 
limited.
A given fraction was generally contaminated with 
other fractions so that adsorptions were neces­
sary to demonstrate the differences in specificity. 
It was difficult to obtain fractions completely 
free of nitrogen. It is doubtful if this was 
actually accomplished.
The amounts of serologically active material iso­
lated from the different strains varied. It is 
interesting that both series of investigations re­
vealed that the least amount of serologically ac­
tive substance was associated with the bovine 
strain.
The derivatives of the polysaccharides were gen­
erally D-mannose and D-arabinose
-9-
Type Specificity Demonstrated with JProteln Extracts
Heidelberger end Menzel (26) and Menzel and Heidelberger 
(27) studied the protein fractions of human, bovine and avian 
strains of tubercle bacilli as well as of the "timothy grass 
bacillus". Their method was to defat pulverized organisms 
and to extract by progressive increases in alkalinity from 
pH I4. to 11 and eventually 0.5>N sodium hydroxide. The frac­
tions obtained at each pH were then redissolved and precipi­
tated by alteration of pH. In two of the studies (2,27)» 
subfractions were obtained by precipitation with ammonium or 
sodium sulfate.
It was found that the corresponding protein fractions 
of the different mycobacteria could be distinguished by 
their Immunological behaviour, although adsorption of the 
sera with heterologous fractions was necessary. The sero­
logic distinction of the "timothy grass bacillus" and avian 
strain from one another and from the bovine and human strains 
was definite. However, only minor differences were evident 
between the bovine and human strains.
From their study of the carbohydrate and protein anti­
gens of the virulent strains, Heidelberger and Menzel (26) 
concluded that at least two antigenic carbohydrate compo­
nents and three proteins could be found in each species.
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Investlgation of Antigenic Specificity 
by Means of Erythrocyte-adsorbable Material
The difficulty encountered in isolating purified frac­
tions of the mycobacteria and the evidence that type-speci­
fic material could not be easily demonstrated brought the 
further investigation of the antigens of these organisms to 
a virtual standstill. Interest was revived when the use of 
erythrocytes as adsorbents for bacterial antigens (28) was 
applied to the study of the mycobacteria.
In 19i|.8, Keogh, North, end Warburton (29) demonstrated 
that erythrocytes sensitized with bacterial polysaccharides 
are agglutineble by specific anti serum. In these investiga­
tions, it was found that ''undegraded" polysaccharide was best 
adsorbed, end e phenol extraction wss used to obtain such 
substances (30).
Middlebrook and Dubos (3 ) applied this procedure to the 
study of agglutinins in tuberculous sere. Sheep erythro­
cytes were sensitized with a phenolic extract of the H3?Rv 
strain of tubercle bacillus and with Gilliland O.T. (Wyeth). 
In comparative tests of the two sensitized cell preparations 
with hyperimmune anti-BCG serum, it was found that both lots 
of cells were agglutinated in the seme manner and to the 
same titer. The extract prepared by Middlebrook and Dubos 
had not been subjected to heat, while the Gilliland O.T. had 
been steamed for many hours, which indicated that at least
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one substance responsible lor sensitization was heat-stable 
and could be found in the culture filtrates of mammalian 
tubercle bacilli*
Carbohydrate was considered to be the active material 
in the extracts and culture filtrates. Deproteinated ex­
tract was as effective in inhibiting agglutination as the 
original extract. Additional evidence for this view was 
presented when it was shown a fraction high in non-nucleic 
acid tuberculoprotein (20 gamma/O.l^cc) wss relatively inef­
fective as an inhibitor of agglutination, while tuberculo- 
polysaccharide (20 gamma/o.l^cc) inhibited the serologic 
demonstration.
The specificity of the test for antibody in tubercu­
lous sera was indicated by very little cross-reactivity with 
sera from animals immunized with other microorganisms. Neg­
ative or minimal reactions were observed with nontuberculous 
human sera. In the tuberculous human sere tested, titers of 
1:8 to l:6lf. were found, while the sera of rabbits injected 
with BCG gave titers from 1:80 to 1:1280.
In 1950, Bcott and Smith (31) standardized the hemag­
glutination test by the use of Old Tuberculin (Lederle IpX 
International Standard) as the erythrocyte-sensitizing anti­
gen. This made it possible to evaluate the test clinically 
and confirmed the suggestion made by Middlebrook and Dubos 
(3) that O.T. appeared to be similar in activity to the ex­
tracts they had prepared. This re-emphasizes the findings
of Heidelberger and Menzel (ll|, 16) who reported that the 
somatic and filtrate polysaccharides are identical.
In 19^0, Middlebrook (i|) and Fisher and Keogh (32) in­
dependently devised hemolytic modifications of the Middle- 
brook-Dubos test. Middlebrook (I4.) suggested the possibility 
that the agglutinin and hemolysin are independent antibodies 
It will be remembered that on the basis of precipitin reac­
tions, Heidelberger and Menzel (12) proposed that there were 
at least two specific carbohydrate antigens reacting with 
different homologous antibodies. It is possible that the 
hemagglutination and hemolytic modification are further dem­
onstrations of these polysaccharides and their snecificities
In the report on the standardization of the hemagglu­
tination test by the use of Lederle O.T., ocott and Smith 
(31) found agglutination titers of 1:2 or above In 76% of 
50 tuberculous sera and negative results in a control group 
of 15 nontuberculous individuals. Later, using a larger 
sampling of sera, Smith and Scott (33) found that 5>0% of 
healthy individuals who were tuberculin positive showed 
hemagglutination titers. However, the results with tuber­
culous individuals and with tuberculin-negative healthy or 
sick individuals confirmed the earlier findings. It was 
also reported that tuberculin testing might stimulate the 
production of hemagglutinins in both tuberculin negative 
and positive persons with the latter usually being more 
reactive. A similar observation was reported by Haley
et.al. (34) in BCG vaccinetion of humans, and, in addition, 
it was noted that tuberculin sensitivity and hemagglutinins 
do not parallel each other. This lack of correlation has 
been confirmed by Cummings, Fleming, and Runyon (35)» Runyon, 
Fleming, and Cummings (3&)> DeWitt (37)» and others. The 
stimulation of hemagglutinin production, particularly in 
tuberculous individuals, might be the result of an anamnes­
tic response to polysaccharides in the FPD (38)* Since the 
studies which failed to show any antigenicity of the myco­
bacterial polysaccharides were conducted with highly puri­
fied substances, they need not apply to the carbohydrate 
contamination of PPD. In fact, Linders (l8 ) found that one 
of the nonantigenic polysaccharides could cause anaphylaxis 
in tuberculous guinea pigs. His work and that of Seibert 
(8 ) Indicated that the tuberculin response is not related 
to the mycobacterial polysaccharide. Thus, the lack of cor­
relation between the tuberculin response and hemagglutinin 
titer is not surprising since it is generally stated that 
red cells are sensitized predominantly with polysaccharide.
In continued clinical evaluation of the Middlebrook- 
Dubos test and its hemolytic modification, Mollov end Kott 
(39) presented evidence supporting the independence of the 
antibodies measured by the two tests. It appeared that the 
hemolytic test showed the most promise as a possible diag­
nostic tool. However, the support of this view was admit­
tedly dependent on the choice of a proper base-line titer
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(1:8 in their study) for limiting the level of significance. 
Even so, 2>%% of 100 tuberculous sere showed hemolytic titers 
of 1 :Lj. or less. Schwartz et.al. O+O) evaluated the tests 
with sera from a group of 678 persons, composed of 297 nor­
mal adults, 260 persons with inactive pulmonary tuberculosis, 
71 with active pulmonary tuberculosis, and $0 with various 
forms of nontuberculous pulmonary diseases. They concluded 
that in order for the test to be significant, a titer of 
1:32 or above was necessary. Titers of less than 1:3? did 
not exclude active tuoerculosis, since about of the ac­
tive cases fell in this category. The over-all results with 
the hemagglutination and hemolytic tests were found to be 
comparable•
Hollander, Frobisher, and Kalisch (Ip.) tested for the 
presence of hemagglutinin by the Rothbard (I4.2 ) modification 
of the Middlebrook-Dubos test. Of the 3^ +7 patients with 
clinically active tuberculosis tested, the sera of gave
negative hemagglutination reactions. Among the patients who 
were sero-positive, only those with cavitation showed a sig­
nif icsntly greater number with titers of 1:16 or over. 
Choremis end Anastasea (ij-3) also found evidence that in par­
ticular cases the titer may parallel the course of the di­
sease. In children with miliary or spinal tuberculosis, 
the hemagglutination titer was found to be high when the 
tuberculous process was active.
Despite the occasional indications of significance In
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prognosis, Dubos (Ifif) perhaps best summarized the results 
of the clinical studies when he stated that "The degree of 
specificity attained was that which would be expected from 
an immunological reaction, end that increased specificity 
will depend on an adequate selection of the sensitizing 
antigen."
H a n d  (ij.5 ) investigated several purified tuberculo- 
polyseccharides with entiserum prepared In horses, rabbits, 
guinea pigs, end humans. He pointed out, that despite re­
ports in the literature regarding precipitin reactions with 
immune sera from animals, there was no consistent evidence 
that the polysaccharides reacted with human antisera. The 
seven purified polysaccharides precipitated with the same 
antibody in animal sera, but none with the sera from tuber­
culous humans. The Middlebrook-Dubos, complement fixation 
and agglutination tests also failed to demonstrate any re­
action between the polysaccharides and the human sera.
T'Isher (lf.6 ) investigated the antigenic relationships 
of several mycobacteria by means of erythrocyte-adsorbable 
material in phenolic extracts of the organisms. The anti- 
serum for the studies was obtained from rabbits which had 
been immunized with eight biweekly intravenous injections 
of 2.0 mg of heat-killed organisms. It was found that 
"antigenic overlap" existed among the six mycobacteria 
tested. By means of neutralization experixnents, the human, 
bovine, avian, and raurine strains formed an antigenic ally
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homogeneous group, while Johne's becillus occupied a medium 
position between this group end M. phlei. The letter organ- 
ism had but little antigenic material in common with the 
first group*
Antigenic similarities and differences among various 
mycobacteria also have been demonstrated by Gaby, Black, 
and Bondi (47) who sensitized erythrocytes with tuberculins 
or PPD and tested the treated red-cell suspensions with hu­
man tuberculous sera. The tuberculins were standardized 
against Lederle O.T. by determining the lowest concentration 
required to sensitize sheep erythrocytes as measured by ag­
glutination with pooled tuberculous sera, diluted 1 :8. The 
dilutions of tuberculin capable of inhibiting hemagglutina­
tion of cells sensitized with Lederle O.T. (1:12) in the 
presence of a standard serum were also established. Lederle 
O.T. was considered to have a concentration of lj.000 mg of 
Old Tuberculin per ml and PPD a concentration of 10 mg O.T./ 
ml. However, both effectively sensitized cells in dilutions 
of 1:400. When tested as hemagglutination inhibitors, the 
PPD was effective at a dilution 1:500,000, while O.T. was 
effective in a dilution of 1:50,000. Demonstration of anti­
genic differences among the tuberculins was achieved by ad­
sorbing sera with tixberculin-sensitized cells end then test­
ing for hemagglutinins with homologous and heterologous cell 
suspens ions.
If one accepts the point of view that only mycobacterial
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polysaccharides are adsorbed by nontial red cells, it is dif­
ficult to explain the demonstrated antigenic differences. 
However, if it is assumed that polysaccharides and poly­
saccharide-containing complexes are adsorbed, the results 
are more easily explained. As has already been mentioned, 
all of the results obtained with purified mycobacterial 
polysaccharides indicate that they ere identical in the 
different strains (1 ). Therefore, if only polysaccharides 
were adsorbed, no detectable serologic differences would be 
expected. The type specificity is apparently associated 
with the proteins of the mycobacteria (2). If proteins were 
adsorbed in combination with polysaccharides, which apparent­
ly are essential for adsorption, type specificity could be 
detected. It would also be oossible to explain the enhanced 
inhibiting effect of PPD by the presence of free protein 
which could combine with antibody but could not sensitize 
normal red cells. Apparently it would be more reasonable 
to say that normal red cells have the capacity to adsorb 
polysaccharides or polysaccharide-containing complexes.
In 195>J|> Meynell (lp8 ) investigated the antigenic struc­
ture of M. tuberculosis (var. hominis). In addition to the 
standard method of sensitizing normal sheep cells, a tech­
nique introduced by Boyden (I4.9 ) was employed in which normal 
cells were treated with tannic acid and thereby gained the 
property of adsorbing protein. Agglutination and complement- 
fixation tests were also carried out with bacillary suspen­
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sions. fPD (Weybridge) and several other antigen prepara­
tions were examined. The polysaccharide and protein anti­
gens In PPD could be separated by adsorption onto normal or 
tanned red cells. By using these cell suspensions, it was 
determined that injection of viable or killed tubercle ba­
cilli into rabbits readily stimulated the production of poly­
saccharide antibody. However, antiprotein substances were 
produced only after intramuscular injection of either PPD 
or large numbers of killed bacilli suspended in paraffin.
This data and the fact that adsorption of sera with bacil- 
lery suspensions removed carbohydrate antibody but not pro­
tein antibody, led to the proposal that the surface anti­
gens were polysaccharide and phosphatides. Meynell called 
attention to the fact that the terms "protein*1 and ,!poly- 
saccheride*1 were used despite the complexity of each class 
of compounds In the mycobacteria.
More definite evidence that polysaccharide-containing 
complexes are adsorbed is to be found in Landy’s (£0) study 
on red-cell adsorption of purified bacterial antigens.
This work was primarily concerned with the phenomenon of 
red-cell adsorption and is of importance because of the fun­
damental approach to the problem although the mycobacteria 
were not Involved. It was demonstrated that the quantity 
of antigen required to sensitize 1.0 ml of 1.0 per cent 
erythrocytes for detectable and maximal agglutination were 
very similar for the different test antigens. A similar,
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alt hough not as striking, quantitative relationship was dem­
onstrated with protein antigens adsorbed onto tanned red 
cells. It was also shown that each antigen apparently was 
adsorbed at a particular receptor site, since the same agglu­
tination titers with the various specific antisera were at­
tained whether or not the antigens were adsorbed successive­
ly or simultaneously from a mixture. It is interesting that 
five of the seven "polysaccharide" antigens were lipopoly- 
seccharides. In fact, the polysaccharide antigen that re­
quired the most antigen per ml of cell suspension for de­
tectable and maximal agglutination was a pneumococcal poly­
saccharide (SSS III) which was probably the most pure sub­
stance employed. The point is made that the hemagglutina­
tion test is no better than the quslity of the test antigens. 
It Is evident that more than one antigen may be adsorbed and 
that any results obtained from sensitization with uncherec- 
terized preparations may produce results that are the com­
posite of several antigen-antibody systems.
The object of the following investigation has been to 
study the antigens of various mycobacteria by utilizing the 
adsorptive capacities of normal sheep erythrocytes. The 
antigens examined were those present in Lederle Old Tuber­
culin and from extraction of bacillsry masses of various 
mycobacteria by water or saline. The potential capacity 
of the red cells to adsorb several different antigens simul­
taneously made it possible to determine whether the method
of obtaining antigenic materiel resulted in more specific 
antigens as indicated by limited reactivity of the sensi­
tized erythrocytes.
III. MATERIALS AWT) METHODS
Mycobacteria - The following three strains of tubercle 
bacilli and one saprophytic mycobacterium were employed in 
this study.
H37Rv : Mycobacterium tuberculosis (var. hominls):
virulent
RavenelJ Mycobacterium tuberculosis (var. bovis): 
virulent
BCG: Mycobacterium tuberculos is (var. bovis) :
avirulent
Mycobacterium phlei: saprophytic
These organisms routinely were maintained on petrag- 
neni or Lowenstein medium, although occasionally BCG and 
M. phlei were cultivated on nutrient agar. All stock cul­
tures were Incubated at 37^ until luxuriant growth was ob­
served. Unless used immediately, cultures were stored at 
refrigerator temperature.
Sera - The serum samples employed throughout this in­
vestigation were from rabbits bled at weekly intervals fol­
lowing a single Intravenous injection of 2.0 mg saline sus­
pensions of BCG, Mycobacterium phlei, or M. tuberculosis 
(var. hominis or bovis). Prior to storage at -20C, the sera 
were heat-inactivated (5&C, 3C minutes) edsorbed twice at 
room temperature with 0.1 volumes of normal sheep cells 
(20 minutes per adsorption) to remove heterophile antibody 
and diluted 1:2 with phosrhate-buff ered saline (nil 7 »i+) ♦
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Aliauots of the sera were heated an additional 10 minutes 
at 70C when examination for the presence of heat-stable 
antibodies was desired (5l)»
Absorption of Complement - Dehydrated pooled guinea pig 
serum was reconstituted with the diluent provided by the 
manufacturer*. Two absorptions of complement were carried 
out by adding packed sheep cells in 0.1 concentrations and 
incubating the cell-complement mixture at I4.C for 20 minutes. 
After centrifugation, the supernatant fluid was diluted 1:3 
with buffered saline. The adsorbed, diluted complement was 
always used the same day.
Sheep Cells - Sheep blood was drawn into Alsever's solu­
tion and the cells separated by centrifugation at 2000 rpm 
for 10 minutes. The cells were recovered and washed three 
times with 6 to 10 volumes of phosphate-buffered saline solu­
tion (pH 7J+) end stored at IfC as “packed" cells.
Sensitization of Cells with Old Tuberculin - To 0.1 ml 
of packed cells was added 5.6 ml of buffered saline and O.lg 
ml of Old Tuberculin (Lederle)** which had been concentrated 
to four times the International Standard. This resulted in 
a 1:15 dilution of O.T. The mixture was incubated for 2 
hours In a 3?C water bath, with frequent agitation. The
* Hold as dehydrated complement by the Texas Biological 
Laboratories, P.O. Box 722, Fort Worth, Texas,
in;- provided through the courtesy of Dr. H. D. Piersma, Led­
erle Laboratories Division, American Cyanamid Company, 
Pearl River, New York
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cells were removed from suspension by low-speed centrifuga­
tion (1500 rpm for 10 minutes), washed three times with 6 to 
10 volumes of buffered saline, and resuspended with saline 
to a 0.5% concentration. These sensitized cells were stored 
at 1±C for as long as three or four days.
Preparation of bacillary extracts - M. phlei and BCG 
were cultivated in Pernbach or Erlenmeyer flasks containing 
nutrient broth (Difco) to a depth of 2.5 cm. After 10-11}. 
days incubation at 370, the cells were harvested by centri­
fugation and the excess moisture removed by pressing the 
bacillary mass between sheets of filter paper. Two and one- 
half g of cells were mixed with 12.5 ml of distilled water 
or phosphate-buffered saline (pH 7»il) end incubated for 2 
hours in a 370 water bath with frequent agitation. The su­
pernatant fluid was removed after centrifugation in the cold 
and filtered through a Selas filter. Sufficient dry NeCl 
was added to the aqueous extracts to achieve isotonicity.
The human strain of tubercle bacillis (H37Rv ) was cul­
tivated in Seuton’s medium for 3 weeks and the cells re­
covered by careful decantation. The bacilli were washed 
free of medium with cold saline and used in the preparation 
of an aqueous extract as outlined above. This preliminary 
washing was necessary since residual glycerol from the medium 
interferred with red cell sensitization.
Successive extractions of M, phlei and BCG were accom­
plished by resuspending the sedimented cells from the first
-214-
centrifugation In 12.5 ml of water or buffered saline and 
repeating the extraction proceedings.
Sensitization of Sheep Erythrocytes with Crude Bacil­
lary Extracts - Four ml of the appropriate bacillary extract 
were mixed with 0.1 ml of packed sheep cells and incubated 
for 2 hours in a 37C water bath. The sensitized cells were 
thrice-washed with buffered saline and employed in the sero­
logic tests as a 0.5 per cent suspension.
Hemagglutination and hemolytic 'Tests - ("Standard" 
tests). To each in a series of tubes (12 x 75 mm) was added 
0 *1). ml of a twofold saline dilution of the test serum (1:2 
through 11)4.096) and O.I4 ml of the 0.5$ sheep cells, previ­
ously sensitized with O.T. as described above. The tubes 
were incubated at 37 0 for 2 hours, after which a prelimi­
nary reading for the titration end point was made by deter­
mining the lost serum dilution in which the sedimented cells 
would not disperse readily with agitation. All tubes were 
vigorously shaken and reincubeted at room temperature over­
night, followed by a final reading. Serum and cell controls 
were included.
The hemolytic test was performed in the same manner as 
the hemagglutination test except that 0.2 ml of the adsorbed, 
diluted complement was added to the cell-serum mixture and 
the test was read after incubation for 2 hours at 37C. An 
additional control for complement was included. The last 
dilution exhibiting complete lysis served as the end point
-2^-
of the titration.
The same concentrations and relative proportions of 
reagents were employed in the ’‘drop" modifications. Two 
drops of saline were introduced into eaxh tube in a series, 
except by the first, by means of a capillary pipette or med­
icine dropper. Two drops of the serum dilution (already 
diluted 1:2) were pieced in the first and second tubes. The 
saline-serum dilution in the second tube was mixed by shak­
ing the tube, and two drops of the dilution were transferred 
to the third tube, and so on. To these doubling dilutions 
of serum were added two drops of the sensitized cell suspen­
sion. If both the hemagglutination and the hemolytic tests 
were to be performed, the serum dilutions were either pre­
pared in duplicate or a single set of silutions was made 
with twice the quantity of reagents (four drops of each) 
and two drops of each dilution was transferred into the cor­
responding tube in a second series. One drop of absorbed 
and diluted complement was added to each serum dilution for 
the hemolytic test plus the complement control. All tubes 
were shaken and Incubated for 30 minutes in a 37c water bath. 
The end point of the lytic test was the lest dilution of 
serum In which definite hemolysis was observed. The end 
point for the hemagglutination titrations was first deter­
mined by observation of the sedimented cell pattern. Tubes 
bracketing this end point were then centrifuged at 15?00 rpm 
for 1 minute followed by a final reading based on definite
aggregation. The centrifugetion wes found to bo necessary 
since false end points were frequently found if pattern was 
employed as the sole criterion.
Infrared Absorption Spectra
Infrared absorption spectra were determined for O.T., 
certain aqueous extracts of BCG, and for the cell residues 
from these extractions.
Standardised infrared absorption spectra were calcu­
lated from data obtained with a Perkin-Elmer Double Beam 
Recording Infra-red Spectrophotometer, Model 21, according 
to a procedure developed by Riddle
Variation in Techniques
Any deviations from the above procedures will be de­
scribed in detail in the text.
^  * EXPERIMENTAL RESULTS 
A, Hemolytic and Hemagglut Ins ting Properties of Antlsera 
to the Mycobacteria Tested by “Standard” Procedures
end “Drop” Techniques
The vnlue of the hemolytic and hemagglutination tech­
niques as investigative tools are often limited by the vol­
umes of the available sera (53) • In order to increase the 
number of tests that may be performed with a given sample 
of serum, the usual quantities of reagents required in the 
tests were reduced to a proportional number of drops*
Fifty-four rabbit sera were tested for their hemolytic 
and hemagglutinating properties. For purposes of comparison, 
the techniques employing the larger quantities of reagents 
were designated as the "standard” procedures and the results 
obtained by the drop techniques were evaluated accordingly.
The sera were collected from normal rabbits, animals 
which had received infective doses of Mycobacterium tuber­
culosis var. bovis (Ravenel) or had been injected with PPD,
M. phlei, or BCG.
The results of this study are summarized in Table I 
where it may be seen that hemagglutination titers for the 
"drop" technique and "standard" procedure agreed to within 
one doubling dilution in 92i*3% of the titrations and to with­
in two dilutions in 98*1% of the tests. The hemolytic titers 
agreed within one doubling dilution in 90*7% of the tests end 
within two dilutions in all tests. None of seven normal sera
-27-
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TABLE I
Comparison of the "Standard" and "Drop" Techniques 
for Determining Hemagglutination and Hemolytic Titers
Per cent Agreement
Test
within one 
doubling 
dilution
within two 
doubling 
dilutions
Hemagglutination 9IJ-.3 98.1
Hemolysis 90.7 100
showed evidence of hemolytic or hemegglutinating activity. 
There were no false positive tests obtained with the "drop" 
techniques, and the variations in results between the two 
procedures with a single serum were no greater than commonly 
encountered with duplicate tests. Because of comparable 
sensitivities with the "standard" procedures, the "drop" 
modifications were employed exclusively in the following 
experiments.
B • Sensitization of Erythrocytes by Repeated 
Adsorptions of Undiluted O.T.
Landy ($ 0 ) has demonstrated that cell-sensitizing sub­
stances are apparently adsorbed at particular sites on the 
erythrocyte. There was no evidence that steric hindrance 
prevented reaction with the antigens from different bacteria 
and their antibodies. However, different antigens from the
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same bacterial source were not tested.
In the mycobacteria, it has been shown (1) that the 
polysaccharides generally have the same simple sugars as 
basic units. The common structural units might result in 
similar sensitizing capacities and, thus, competition for 
sites on the red cell. Depending on the quantity of material 
present, a particular polysaccharide could be preferentially 
adsorbed and therefore determine the antibody demonstration.
In order to gain information regarding the multipli­
city of antigens in O.T., serial adsc rptions were performed 
with sheep cells, susoensions of which were subsequently 
tested for their antigenicity.
Four ml of undiluted O.T. were adsorbed with 0.1 ml of 
packed sheep cells at 37C for 2 hours, the cells were sep­
arated by centrifugation and stored as a suspension for sub­
sequent testing, while the O.T. was re-adsorbed with fresh 
cells. This procedure was continued for 12 adsorptions.
The various cell suspensions were tested by the hemaggluti­
nation and hemolytic techniques with rabbit sera prepared 
against several of the mycobacteria.
The complement employed for the lytic demonstrations 
was diluted 1:9 with saline since preliminary experiments 
had shown that a 1:3 dilution still contained naturally- 
occurring antibody which reacted with cells sensitized with 
concentrated O.T. The higher dilution of comolement had no 
effect on titration end points as demonstrated by compare-
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tive tests. Furthermore, successive adsorptions of O.T. 
rapidly removed the specific antigen against which the anti­
body in guinea pig serum was directed.
In addition to testing sera inactivated and adsorbed 
in the usual manner, eliouots of each sample were heated at 
70C for 10 minutes to determine if the repeated adsorptions 
had removed the antigens responsible for the demonstration 
of heat-stable antibodies (£l)« The sera were chosen with 
concern only for their high titers against cells sensitized 
according to the usual procedure, and no effort was made to 
equilibrate antibody content by dilution.
As can be seen in Table II, there was generally a pro­
gressive decrease in serologic titers as cells from success­
ive adsorptions 1 through 6 were tested; the hemolytic ac­
tivity of the sere inactivated in the usual manner dimin­
ished most rapidly. As cells from the remaining adsorptions 
were tested, serologic activity was regained except in in­
stances of serum prepared against H37Rv.
C. The Pattern of Antibody Response as Determined 
with Erythrocytes Sensitized by Repeated Adsorp­
tion of Undiluted O.T.
The results of the previous experiment indicated that 
O.T. contains a multiplicity of antigens and erythrocyte- 
sensitizing material and that the antibody demonstration is
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T ABLE II
The Effect of Successive Adsorptions of Undil 
the Sensitization of Sheep Enythroc
________________________________________Antigens
Antisera Antibody Cells Cells sensitized by the cc
Tested Demons tz»a— sensitized undilul
tions with 1:15 : ~ I j Z 7
O.T. 1 2 3 b 5 o
BCG H.'L. (1) 6L -Or 512 256 128 32 16 8
H.A. (2) 32 61+ 32 8 8 8 —
Z\ H.L, (3) 16 32 16 32 16 8 -A H.A. (1+) 8 32 16 16 b b -
K .tuber- 
culosIs 
(vsr.bovi 
Ravenei)
K.L.
H . A . 
s A  H .I*. 
A  H . A .
1021+
128
16
b
201+8
128
16
16
1021+
128
16
8
5 1 2
61+
16
8
512
128
8
b
128
32
8
If
61+
8
M • p hi e 1 H.L . 
H.A.
A  H.D. 
A  H.A.
10 2b 
512  
32 
32
1638k
256
61+
32
1+096
256
32
32
201+8
512
16
32
512
256
32
8
256
128
16
1+
61+
32
2
M o tuber- H  *L< e
H . A .culosis
(v s r .homi- A H.I 
nls,H37Rv)/NH.A.
16
8
2
2
256
8
b
32
b
16
i+
u
(1) hemolysin, (2) hemagglutinin, (3) 
-5- Titers expressed ©s reciprocals of
Ut' c; Vj
dilutions
table hemolysin,
TABLE II
f Successive Adsorptions of Undiluted O.T. on 
e Sensitization of Sheep Erythrocytes
f!-Pc<l\ gens
Cells sensitized by the corresponding adsorption of
undiluted O.T*
1 2 3 U- 5 6 7 8 9 10 11 12
5 1 2
61+
32
32
256
32
16
16
1 2 8
8
32
16
32
8
16
1+
16
8
8
1+
8 1021+
5 1 2
16
16
5 1 2
512
16
8
1021+
256
8
2
256
2
128
2
256
32
8
1+
20I+R
126
16
16
1021+ 
128 
16 
8
5-12
61+
16
8
512
128
8
1+
128
32
8
1+
61+
8
256
128
512 
1 2 8  
tC 
2
512
61+
OC—O<5
128
1+
1 2 8
8
256
8
16361+ 
256 
61+ 
32
1+096
256
32
32
201+8
512
16
32
5 1 2
256
32
8
256
128
16
1+
61+
32
2
10 21+ 
512 
16 
16
10 21+ 
256 
8 
1+
1021+
256
16
2
256
128
8
C
128
32
1+
1+
256
32
8
2
256
8
h
32
h
16
'+
1+
2
- - •'"lr. 2
-
mm
-
-
tinin, f - \ i__V j U.fc 6 _ c 4- 1O Lr —“ is —* -1 L he mo]_ys In, (i+) heat-stable hem eg glutinin
roc als of dilutions*
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dependent upon the particular antigens adsorbed. Therefore, 
it was decided to test antisera obtained at weekly intervals 
from rabbits injected with different mycobacteria to see if 
variations in the antibody response not ordinarily detected 
could be demonstrated.
The procedure was identical to that of the previous ex­
periment except that sensitized cells from every other ad­
sorption were tested in order to conserve the available sera.
The results in Table III show that there was no point 
in the titrations where the titers were strikingly low fol­
lowed by a return to the same or higher values, as occurred 
in the previous experiment. Hoxvever, the decrease in titer 
was not continual, and, after generally lower titers with 
the cells from the eighth adsorption, the titers remain con­
stant or increased slightly when tested with cells from 
later adsorptions.
The heat-stable antibodies in the early bleedings were 
not consistently demonstrated with cells from the lete ad­
sorptions. Because the variations In titer of the heat- 
stable antibodies are not great, it could be assumed the 
same antibodies are present at the different Intervals if 
it were not for the inconsistencies in appearance detected 
by the different cell susnensions.
It is interesting to note that diluting O.T. 13 times 
did not exert as great an influence on reduction of titer 
as did the successive adsorptions. The total adsorptive
-33-
Antisera
Tested
BCG
H37Rv
M. phlei
Ravenel
TABLE III
Antibody Patterns Determined with Erythrocytes Sensitized by
Adsorptions of Undiluted O.T,
_______________________  Antigens_________
Weeks Cells
Post Sensitized Cells sensitized by the corresponding adsorpti
Injec- with 1:15 _____________________________________________________
t i o n  O . T ,  2 ip 6
_ _  _ _  A  A  A  A
____________ HL HA HI. PA HL HA HL HA HL HA HI. HA HL HA HL HA
1 512*128 - - I638I4. 102lp - - Lp096 128 - - 1021+ 6ip — —
2 512 512 - - 1638!; 1021+ 8 - 8192 512 1+ - 512 128 - -
3 1021+ 128 1+ 1+ 1638!+ 1022+ 8 - 8192 512 1+ - 512 128 1+ -
li. 256 61+ 1+ 2 81 92 256 16 8 201+8 256 16 8 512 62+ 8 2+
5 256 1+ 8 1+ 8192 128 32 8 201+8 62+. 16 8 512 62; 8 1+
0
1 256 16 • — 201+8 61] * ~ 1021+ - 128 16 *m mm
2 512 16 - 201+8 256 - 1021+ 128 - - 512 32 mm m
3 256 32 k k 8192 512 6 k 1021+ 256 8 k 256 32 2. -
k 256 ■3 0 8 8 201+8 256 8 8 1021+ 61+ 16 16 256 32 8 1+
5 256 32 16 8 202+8 128 16 8 256 61+ 16 8 256 32 8 1+
0 — — •• mm - — • .. -  - * - ••
1 10 21+ 128 - 201+8 128 8 - 1 021+ 256 ? ^ 201+8 128 - -
2 202+8 512 - 8192 256 16 2 201+8 128 mm mm 10 21+ 61+ - -
3 512 128 2 2 201+8 512 32 2 1021+ 256 !* i 512 61+
mm k
k 512 128 16 8 201+8 256 32 16 512 256 8 8 256 32 8 k
5 256 62+ 32 8 201+8 128 61+ 16 512 128 32 16 128 16 16 5
0 -  .
1 512 32 - - 202+8 62+. - - 256 32 - - 512 3? - -
2 1+096 256 - - 32768 128 - - 512 32 - - 8] 92 62+. - -
3 1021+ 61+ 8 3? 32768 128 16 2+ 2+096 128 8 - 2+096 256 2+ -
1+ 512 256 8 16 I638I+ 256 128 16 202+8 128 62+ 8 1021+ 32 16 32
5 1021+ 256 16 16 1021+ ?56 128 32 1021+ 256 61+ 16 201+8 61+ 3? 8
<■ Titers expressed as reciprocals of dilutions.
TABLE III
l e d  v r i t h  E r y t h r o c y t e s  S e n s i t i z e d  b y  S u c c e s s i v e  
i r p t i o n s  o f  U n d i l u t e d  O . T .
A n t i g e n s
t i z e d  by t h e c o r r e s p o n d i n g a d s o r p t i o n o f  U n d i l u t e d  O . T ,
If „ 6 8 10 12
HL HA
A
HI.
A
HA HL HA
A  A
HL HA HL
A  A  A
HA HL HA HL HA HL
A
HA
A
HL HA HL
A
HA
1+096 128 - - 1024 61+ mm mm
8192 512 b - 812 128 — —
8192 512 b - 812 128
201+8 2^6 16 8 812 61+ 2  i+
201+8 61+ 16 8 812 61; 8 1;
61+
61+ 3 !
1021+ 61+ — — 128 16 «m _ 61+ 8
1021+ 128 - — 512 32 - - 128 16
1021+ 286 8 1+ 286 32 b - 128 16
1021+ 61+ 16 16 286 32 8 1+ 61+ 8
?86 61+ 16 8 286 32 8 1+ 61+ 1+
mm mm
1021+ 286 2 - 201+8 128 — - 128 16
201+8 128 - - 1021+ 61+ - - 61,. 32
1021+
812
286
286 %
812
286
61+
32
mm
8
1+
b
61+
61+.
32
16
812 128 32 16 128 16 16 8 32 16
_
286 32 - - 812 • 3 ? - - 6b 16
812 32 - - 81 92 61+ Maa - l?8 32
1+096 128 8 - 1+096 286 k - 286 61+
201+8 128 61+ 8 1021+ 32 16 32 286 32
1021+ 286 61+ 16 201+8 61+ 32 8 128 16
am 8 - - 286 16 -m 128 32 - 812 16 -
mm 286 32 •a s MM 286 61+ -
1+ 286 32 1+ - 128 61+ 1+
1+ — 128 32 8 61+ 16 1+
-
•M 128 16 mm
*
61+ 16
-
286 32 - - 61+ 16 -
% 61) - - 286 61+ -128 16 - - 128 32 -
1+ mm 61+ 8 b 286 16 1+
w
61+ 32 MS - 286 32 -
MS w 128 32 - - 812 32 -
MM 61+ 32 - - 286 61+ -
8 1+ 32 16 8 1+ 128 16 -
8 1) 32 16 16 1+ 128 16 b
_ MS
_t 8 61+ 16 - 6 286 32 -
128 32 - - 812 32 -
MS 286 128 — - 286 32 -
1+ 16 286 61+ 8 16 286 32 -
16 8 128 16 16 8 128 16 -
b
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capecity of the red-cell mass is more effective in reducing 
the concentration of antigens than a single 1 :15> dilution
of O.T.
• Serologic Activity of Erythrocytes Sensitized 
with Aqueous or Saline Extracts of BCG or M.
phlei
Appearance of carbohydrates and proteins in heated and 
unheated culture filtrates is generally regarded as the re­
sult of cellular autolysis (23>38)* However, it seemed pos­
sible that a certain amount of materiel might be released by 
the nonlysed cells. Therefore, it was decided to extract a 
relatively large quantity of cells with a nail volume of 
water or saline (see Materials and Methods) in order to de­
termine if the reactivity of the material released was in­
fluenced by buffered saline as compared to distilled water.
Representative titrations, recorded in Table IV, indi­
cate that extraction of bacilli with water or ssline not 
only resulted in the successful removal of antigenic materi­
al, but that extract-treated cells exhibited serologic speci­
ficities not seen with O.T.-sensitized cells. It may be 
noted, for example, that sheep cells sensitized with saline 
extract from M. phlei did not permit unheated-3erum hemag­
glutinins or either heat-stable antibody to be demonstrated 
in any of the sera tested. Moreover, sera from 1)4 animals
- 3 5 -
T A B B E  JV
E r y t h r o c y t e - s e n s i t i z i n g  Capac i t ie s  of Water
of B C G  arid M. phi e i
E r y t h r o ­
cytes 
sens itized  
w1 ttl s
Weeks 
Pox t 
Tn jec- 
1 1 on _
Anti - M. ph.1e i A n t i - B C G
KB HA
ZS.
HB HA HB HA
Z\
HB
ZB
H A
O . T . ( 1 :15)
0
1
2
5
£fc
2
1021+
poi+e
51?
256
128
5i?
1 2 8
1 2 8
61+
O
16
32
2
8
8
51?
51?
1021+
256
256
128
512
1 2 8
66
1+
U-
h.
8
1+
o
*+
BCG E x t r a c t
(h 2 o )
O
X
p
"5
1+096
61 9?
20lj„8
POLj.8
1021+
IOPIl
102lt.
1021+
256
?56
£
1l
16
3?
61+
§
16
3?
>201+8 
>201+8 
1x096 
>2011^8 
>201+8
512
102l|.
102! t
5 1 2
256
u
1+
8
3?
3?
p
2
8
16
16
0
1 1+0 96 256
— —
256 3?
— —
H . p h.1 e i 819? 51? — _ 51? 1 2 8 — _
E x t r a c t 3 102ix 2^6 1+ — 256 6?+ — —
(HpO) 1. 51? 1 2 8 16 16 256 3? 8 —
> 51? 61+ 16 16 1 2 8 3? 8 —
O .. m—
1 512 256 — _ 51? 61+ _
B C G  E x t r a c t 2 201+8 256 — — 512 128 — —
( s si in e ) 3 1 02lx 512 2 — 512 61+ 2 2
1+ 51? 256 8 — 256 3? 1+ 2
2 512 1 2 8 16 - 128 1 6 16 2
0
1 1 2 8
— — —
32
— -
M . phil e i 2 2 56 — — — 256 — — —
E x t r a c t 128 — — _ 1 2 8 _ _ —
( saline ) »*+ 1 2 8 — — — 61+ — — —i—'2 32 — — — 16 — — —
TABLE IV
-sensitizing Capacities of Water and Saline Extracts 
of BCG end M. phlei
- M. p h i e I A n t i - B C G A n t i - H 3 7 R v A n t i . - R p v e n e 1
H A
A,
H L
A.
H A H L H A
A
H L
A
H A H L H A
A .
H L
A
H A H L H A
A
H L
A
H A
1 2 8 _ — 5 1 2 1 2 8 1 2 8 1 6 — — 61+ 8 — —
5 1 2 — — 5 1 2 5 1 2 — 2 5 6 1 6 — — 6 1 2 — -
1 2 8 0 1 2 1 0 2 1 + 1 2 8 h
h.
1 : 
*~r 2 5 6 61+ 8 8 5 1 2 1 2 8 ttm
1 2 8 1 6 8 2 5 6 61' 5 1 2 1 2 8 1 6 8 1 0  21+ 1 2 8 1 2 8 mm
61+ 3 2 8 2 5 6 U- 8 h 2 5 6 1 2 8 1 6 1 6 1021+ 2 5 6 61+ 8
mm _ •—
l O  P h U- — > 201+8 5 1 2 k o 2 5 6 61+ — — 1 2 8 1 6 — —
1 0 2 h k > 201+8 1 0 2 1 + k 2 1 2 8 1 6 — — 5 1 2 68 — —  *
1 0 2 l|. 1 6 8 It 0 9 6 1 0 2 1 1 8 8 5 1 2 2 — — 1021+ 61A
— —
2 5 8 3 2 1 6 > 201+8 5 1 2 3 2 1 6 2 5 6 3 2 — - 1 021+ 1 2 8 - mm
2 5 6 6 L|_ 3 2 > 201+8 2 5 6 3 2 1 6 2 5 6 3 2 - — 5 1 2 1 2 8 — —
wm * M M « • _ _
2 5 6 — — 2 5  6 3 2 mm 1 6 li ~ — 1 6 8 — —
6 1 2 — — 5 1 2 1 2 8 mm • « 8 1+ — — 3 2 1 6 — —
2 5 6 h — 2 5 6 61+. mm 61+ 2 — — 1 2 8 U- — -
1 2 8 1 6 1 6 2 6 6 3 2 8 3 2 1+ ~ — 1 2 8 3 2 — —
61+ 1 6 1 6 1 2 8 3 2 8 — 3 2 8 - - 1 2 8 3 2 - -
mm . . mm m» _ _
2 5 6 _ 5 1 2 61+ 1 6 8 _ — 1 6 — —
2 5 6 — — 5 1 2 1 2 8 mm mm 1 6 1+ — — 61+ lj- - —
5 1 2 2 — 5 1 2 61+ 2 2 3 2 1 6 — — 1 2 8 k - —
2 5 6 8 — 2 5 6 3 2 h- 2 6J* 1 6 — — 1 2 8 3 2 — —
1 2 8 1 6 - 1 2 8 1 6 1 6 2 1 2 8 1 6 - - 5 1 2 61+ - -
_ _ « • mm mm __ _ — —
— — — 3 2 * mm — k — — — 2 — - —
— — — 2 5 6 — mm k — — — 8 — — —
— — -- 1 2 8 wm M 1 6 _ _ — 8 ~ — —
- - — 61+ - — — 8 — — - 61+ - - -
- — — 16 — — — 8 — - — 3 2 — — —
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not recorded here, gave similar results, although when tested 
with O.T. cells, at least one bleeding from each animal re­
vealed heat-stable antibodies and all samples showed unheated- 
serum hemagglutinins. Of the four series, only those sera 
from rabbits injected with M. phlei or BCG gave evidence of 
heated-serum antibodies when tested with the remaining ex­
tract antigens. In other studies, however, these substances 
were seen only occasionally in serum samples from infected 
rabbits, thus suggesting that the failure to demonstrate 
them may be attributed to a low concentration, rather than 
absence, of antigen in the extracts.
Generally, the enti-M. phlei and anti-BCG sera reacted 
in higher dilutions with extract-treated cell preparations 
than did the sera from infected animals. In addition, the 
water extracts of both organisms were serologically more 
reactive than the corresponding saline extracts as measured 
by antibody demonstration. For these reasons, the aqueous 
extracts were used for the following experiments.
I n h i b i t i o n  T e s t s . T h e  r e s u l t s  r e c o r d e d  I n  T a b l e  IV i n ­
d i c a t e d  s o e c i f i c l t i e s  t h a t  c o u l d  b e s t  b e  i n v e s t i g a t e d  b y  I n ­
h i b i t i o n  t e s t s .  A c c o r d i n g l y ,  a m i x t u r e  o f  1  d r o p  o f  1:15>
O.T., or undiluted weter extract, and 2 drops of antiserum, 
diliited 1:8, was Incubated in a 37C weter-beth for 30 min­
utes. Following the addition of 2 drops of the appropriate 
sensitized-eell suspension, the mixture was re-incubated for
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30 minutes. A positive inhibition test was indicated by the 
absence of hemagglutination. Inhibition of* hemolysis was 
measured in e similar manner except that 1 drop of a 1:3 
saline dilution of adsorbed complement was included, In 
order to ascertain the diluting effects of the extracts, 
controls were prepared as above, but 1 drop of saline was 
substituted for the water extracts. The sere employed in 
these tests were those described in the previous experiment.
From the data tabulated In Table V, It can be seen that 
all the hemolytic controls were positive. The failure of 
certain sera to produce agglutination was attributed to dilu­
tion by the saline and to atypical demonstratIons.
O.T. 1 :l£ was completely effective in preventing ell 
sera from reacting with 0.T ,-sensItized cells. It also in­
hibited hemolysis and hemagglutination of BCG-extract sen­
sitized cells by anti-II37Rv end anti-Ravenel sera, but did 
not affect the demonstrations with anti-M. phlei end anti- 
BCG sere. Heterologous hemolysis was not demonstrated with 
M. phlei-extract treated cells In the presence of O.T., and 
it would appear that the early homologous serum was also 
neutralized. Erratic controls did not permit the attaching 
of significance to the inhibition of hemagglutination by 
O.T. or the bacillary extracts with any of the sera and 
this antigen suspension.
BCG-weter extract inhibited reactions in all systems 
except with O.T.-cells and anti sera from Infected animals,
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TAHLE V
Homologous end Heterologous Inhibj tlon by O.T.
Extracts of BCG and. M. P.MrOl
Erythro­ Ant
cytes M. p!hle 1 BCG
Sens itized 
with ;
Blocking 
Extrac t
Demonstra­
tion 1 tL. 3 if d
Weeks post
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while the M. phlei extract effectively blocked reactions 
only between sera from tuberculous rabbits and cells sensi­
tized with BCG or M. phlei extracts.
To examine further the inhibiting properties of these 
extracts, PC sera were tested without regard to their ab­
solute titers. However, since previous studies had shown 
some of these to be devoid of agglutinins, only hemolytic 
tests were performed,
A water extract of e human strain of tubercle bacillus 
(H37Rv) was included in this experiment. A preliminary 
study had indicated that cells sensitized with this extract 
and tested with several sere reacted similarly to the stand­
ard O.T.-treated erythrocytes.
In general, the results (Table VI) confirm the previous 
findings and also emphasize the resemblance between the 
H'37Rv extract and O.T. as measured by inhibiting properties.
Inhibition Titrations of Aqueous Extracts. In order to 
estimate quantitatively the concentration of inhibiting sub­
stances in the various water extracts, dilutions of the ex­
tracts were examined by cross-inhibition tests modified from 
the procedure described by Middlebrook and Dubos (3)* This 
was accomplished by first determining hemolytic units of 
the representative antisera with each treated-cell suspen­
sion. An additional drop of saline was added to each tube 
to establish unitage in terms of subsequent volumes. A
-1+0-
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series of tubes then were prepared, each containing 2 drops 
of serum (1+ hemolytic units) and 1 drop of a doubling dilu­
tion of the test extract. Following incubation at 37^ for 
30 minutes, 2 drops of the appropriate cell suspension and 
1 drop of diluted complement were added, and the mixture was 
re-incubated for an additional 3C minutes, 'l’he highest di­
lution of extract which completely inhibited hemolysis was 
considered the titration end point.
As may be seen in Table VII, O.T,, at a dilution greater 
than 1:201+8, Inhibited sll sera from reacting with. O.T.-sen­
sitized cells. The same high dilution also prevented anti­
sera to the orthogenic mycobacteria from producing hemolysis 
with the other antigen preparations. The H37Rv extract 
simulated O.T. In its pattern of inhibition, but did not 
demonstrate the enhanced activity with the homologous sys­
tem.
The BCG extract did not inhibit the reaction between 
O.T. 1:15> or H37RV extract-sensitized cells and antisera 
prepared against, the pathogenic Mycobacteria. It was effec­
tive as an inhibitor in s dilution of 1:1+ in the reaction 
involving BCG-sensitized cells and antisera to BCG. With 
the above exceptions, the BCG extract, at a dilution of 1:32 
to 1:128, prevented the hemolysis of the various sensitized 
cell suspensions by the four antisera.
The M. phlei extract displayed a pattern of inhibition 
essentially similar to the BCG extract, although the effective
-11.2-
TABLE VII
Titration of Inhibiting Properties of O.T. end Aqueous
Extracts of Mycobacteria
Extracts
Erythr■ocytes sensitized with
o.T.(1 :15)
H37Rv
Extracts
BCG
Extract
M.phlei 
Extract
k HL Units Anti-M.phlei
O.T. >20lf8 «• 32 6k 128
K37Rv 256 61,. 128 128
BCG 128 6k 6k 128
Fi. phlei Undil. e k 128
lj. HE Units Anti-■ BCG
O.T. >201^8 256 k
R37Rv 128 256 2 Tests
BCG 32 6k k nob
M. phlei Undil. e Performed
If KL Units Anti-■II37Rv
O.T. >20ij.8 >20l).8 >20lq8
H37Rv 128 128 512 Tests
BCG - — 128 not
M. phlei —• — k Performed
U ILL Units Anti- Revenel
O.T. >20[|.8 >201(.8 > 2  01). 8
H37Rv 1021). 128 51? Tests
BCG - 61). not
M. phlei mm 2 Perf 0 riiied
» indie a tea dilution of extract inhibiting lytic reaction 
between sensitized cells end antiserum*
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dilutions were lower. It Is interesting that its one dis­
play of potency was in the homologous system while the con­
verse was true of the BCG extract. At the same time, it 
did not inhibit the reaction of BCG extract-cells with BCG 
ant iserum.
E • Antigenic Relationships among Q.T. and Aqueous 
Extracts of BCG and M. phlei as Demonstrated 
by Cross-adsorption Studies
The inhibition reactions in the previous experiments 
are strong evidence that material with limited serologic 
specificity is present in the aqueous extracts of BCG and 
M. phlei. This wes verified by adsorption of antisera to 
different mycobacteria with homologous and heterologous ex­
tract sensitized sheep cells. In this experiment, as else­
where, O.T. wes considered as the homologous antigen to the 
pathogenic mycobacteria. The adsorptions were performed by 
mixing an equal quantity of sensitized cells with each of 
the test antisera at room temperature for 10 minutes. After 
each adsorption, an aliquot of each serum was tested with 
the adsorbing cell preparation. The adsorptions were con­
tinued until there wes no longer a hemolytic reaction with 
the antigens and any of the adsorbed antisera.
One modification of the above adsorption technique was 
found to be necessary. Anti-BCG serum recuired 10 adsorp-
-lo­
tions with BCG sensitized cells in order to remove ell de­
tectable antibody. The last two adsorptions were carried 
out at refrigerator temperature (three hours for each ad­
sorption) .
A comparison of the results recorded in Table VIII with 
those shown in Table VII demonstrates the agreement between 
the two studies. The O.T.-sensitized cells removed all anti­
body except that detected by the homologous systems with M. 
phlei and BCG extract-sensitized cells. It can be seen that 
the reduction in the titer of the M. phlei-anti-M. phlei 
system Is much greater than in the BCG-anti-BCG system. The 
j>1. phlei-sensitized cells removed antibody from the anti- 
Ravenel serum so that it could no longer be detected with 
BCG sensitized cells. However, the antibody responsible for 
the O.T. enti-Rsvenel reaction wes not effected. The hemo­
lytic antibody In anti-M. phlei serum, as measured with BCG 
extract-sensitized cells, was reduced but not eliminated, 
and the agglutinating antibody apparently was unaffected.
The homologous BCG system was not significantly altered.
The BCG-sensitized cells removed antibody for all sensitized 
cell preparations except the O.T.-cell anti-Ravenel system.
F . Bpecificities of Aqueous Extracts of BCG and 
M. phlei Prepared by Successive Extraction of 
the .Same Bacillary Masses
The results of the previous studies indicate that
-i*5-
t a b l e v i i i
Adsorption of Antisera by Cells Sensitized with 
O.T.(1:15) Aqueous Extracts of BCG and M. phlei
Antisera
Adsorbing
Cells
Titers after adsorption
Test Antigens
O.T.(1:15) 
.US”
H. phlei 
Extract 
KL llA
BCG 
Extrac t
ILL HA
Ravenel 256 6k 16 8 32 16
M. phloi - IO2I4 128 102/4 16 20/48 16
BCG - 102/4 512 /4096 2 I4O96 256
Ravenel - - - • -
M. phlei o . T . (1 :15 ) - - 8 k -
BCG - - - 512 128
Re venel M. phlei 32 k «•* _
M. phlei Extrac t 256 6k - 128 32
BCG (water) 256 6/4 - - 20)48 128
Ravenel BCG 8 k - - - -
M . phie i Extract - - - -
BCG (weter)
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©queous extracts of BCG and M. phlei possess erythrocyte- 
sensitizing material which exhibits specificities for the 
homologous systems. The possibility exists that the ex­
tracts represented the nroducts of autolysis due to the high 
concentration of cells used in the antigen preparations. The 
extracts might also have contained antigens from the residual 
culture medium. In order to investigate these possibilities 
end the chance that additional extraction would result in 
different antigens being demonstrated, successive extractions 
of BCG and M. phlei cells were performed.
In Table IX ere recorded the titers of different anti- 
sera as determined by cells sensitized with antigens ob­
tained by successive extractions of BCG and M. phlei. The 
fourth nCG extract was lost due to an accident. It can be 
seen that the reactions detected by erythrocytes sensitized 
with the successive BCG extracts are increasingly specific 
for the homologous system. The cells sensitized from the 
extraction of H. phlei do not show a similar pattern.
While it is tempting to speculate on the demonstration 
of the hemagglutinins by the various extracts, sufficient 
titrations of the type just described have not been conduct­
ed to warrant a statement that the antigen for the hemagglu­
tinin is generally present or absent in a particular extract.
Table X shows the results of further investigation of 
the extraction procedure. asCG cells were extracted repeat­
edly until red cells sensitized, with the filtrate gave, at
-1+7-
TABLE IX
Specificity of Successive Aqueous Extracts, 
of BCG and M. phlei
Sensitizing
Extract
Antisera
BCG M. phlei H37RV Ravenel
HL HA HL HA HL HA HL HA
BCG T J.j.096 512 128 k 16
BCG II 2014.8 128 128 8 k 32 32
BCG III 102k - 16 - - - -
BCG V 128 - - - - - -
BCG VI 256 - »q - - -» —
M. p h i  e  i I 5 1 2 - 256 - k - 16 -
M. p h l e i I I 5>12 - 236 - 1 6 - 3 2 -
M. p h l e i III 9 1 2 - 1 2 8 - I S - 3 2 mm
M. p h l e i IV 5 1 2 - 1 2 8 - 1 6 - 3 2 mm
M. p h l e i \T i ? e - 16 - - - k -
M. p h l e  I V I 1 op - 1 6 — _ - k mm
TABLE X
The Effect of Concentration on the Specificity of 
Aqueous Extracts of BCG end A. phlei
Erythro- 
cy te s 
Sensitised
Antisera
M. 'phlei BCG Ravenel H37Rv
nith: HL HA HL HA HL HA HL- HA HL HA HL HA PIL HA PIL HA
O.T.(1:15) 10?1| 126 2p6 6 i| 512 128 1025 512 256 62+ 102k 128 256 128 25& 32
BCG I 204.8 16 102lj. 256 uo% 512 2+096 r'l 0pi. £ 32 16 102)+ 61| 256 32 32 16
ECG XII - - - - 16 - - - - - - - - - -
see- xii(ex) - 1 8 - 202+8 512 128 128 - - - - 12 t k -
M,phlei I 102k 16 512 6k 512 - 1i096 2 16
CMOO
CO k 32 8 16 k
M.phlei VI 32 - 16 - >12 • a 6H - - - - ma M - k -
M.phlei VII 
(8X)
102U * 2^6 102l| ** 1025 k 16 8 ii * 32 32 8
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most, a minimal reaction with the homologous antisera.
Cells were then sensitized with this extract after it had 
been concentrated eight times. Concentration was accom­
plished by dossication at room temperature. This was also 
done with the M. phlei extract, although it had been found 
(Table IX) that the antigen responsible for the homologous 
reaction disappeared more rapidly than that for the reaction 
with anti-BCG sera.
Red cells sensitized with the concentrated twelfth BCG 
extract were can able of reaction with the homologous sera 
in a manner similar to that observed with the first extract- 
sensitized cells. The heterologous sera, on the other hand, 
when tested with this antigen gave minimal or negative re- 
ac tions.
The renested extraction and eventual concentration of 
the sixth extract from h. phlei failed to yield similar re­
sults. It can be seen, as mentioned oreviously, that repeat­
ed extraction reduced the demonstrable titer with each anti- 
serurn. However, It appears that homologous and heterologous 
antigens are removed at a similar rate. When additional ex­
tractions were carried out, the same results were evident.
G . Antibody Demonstrations in Homologous end
Heterologous here by Brythrocytes Sensitized 
with Undiluted, Diluted, and. Concentrated 
Aqueous bCG Extract
-5o-
The detection of antibody with sensitized erythrocytes 
implies a minimal amount of antigen on the red cell (50)* 
There is also a maximum quantity of antigen that can be ad­
sorbed (5c).
The influence of dilution on the sensitization of red 
cells was investigated with the first aqueous BCG extract. 
Sheep cells were sensitized with the undiluted extract, ex­
tract concentrated b times, and extract diluted 1 :5> 1 :10, 
and 1:15. The sensitized cells were then used in titra­
tions of homologous and heterologous sera.
The results recorded (Table XI) demonstrated that con­
centration of the extract increased the titer in the heter­
ologous sera to a greater extent than in the B C G - a n t i - B C G  
system. The effect of dilution on the reactions was even 
more marked. 'The homologous system gave a readily detect­
able resoonse with the red cells sensitized with the 1:15 
dilution, while cells sensitized with a dilution of 1:5 gave 
no reaction with the heterologous sera.
Apparently, in the aqueous BCG extract there was suf­
ficient antigen present to sensitize maximally the cells in 
relation to the anti-BCG serum. The effect of concentration 
and dilution was more striking in respect to the antigens 
present in lesser amounts. The concentration and dilution 
effects were not the result of competition for similar sites 
on the red cell, since the variations in titers were inde- 
oendent. The explanation aopeared to be that there was a
-51-
TABLE XI
Erythrocyte-sensitizing Cppacity of Diluted and (8X) 
Concentrated Aqueous Extracts of BCG
S e n s i t i z i n g ------------------------------------------ --
Extract BCG BCG M. phlei H37Rv
“HL H3T HL HA HL HA HL HA
BCG I I4O96 256 256 61). 128 32 8
BCG I (ex) 8192 512 1021+ 2 5 6 201+8 -  256 61*
BCG I (1:5) 1021* 1.28 128 8 - - -
BCG I (i no) 512 61* 61* - - - -
BCG I (1:15) 512 — 61l - _
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mi niraum concentration of antigen that must be adsorbed to 
the red cell before a detectable serologic reaction could 
occur. (50)
H. Infrared Absorption Spectra of O.T., BCG Cells 
and Aqueous Extracts of BCG
The serologic results with the aqueous extracts of BCG 
indicated that as the extractions proceeded the specificity 
of the antigens for homologous antibody increased. There­
fore, it seemed possible that the infrared absorption spec­
tra of the extracts would reflect changes that could be cor­
related with the variation in serologic specificity.
The infrared absorption spectra of the unextracted BCG 
cells were determined. The spectra were also determined for 
the cell residue remaining after each of the first, fourth, 
eighth, and twelfth extractions and of the corresponding 
aqueous extracts. In addition, for purposes of comparison, 
the absorption spectra for O.T. diluted l£ times with water 
was established.
The results verified the effectiveness of the extrac­
tion procedures inasmuch as examination of the spectra showed 
that the appearance and disappearance of absorption peaks was 
a gradual process. The spectra for the unextracted BCG cells, 
and the cell residue remaining after the first and twelfth 
extractions most clearly represent the changes that occurred.
-53-
In p like manner the first and twelfth extracts (figure Ip), 
and O.T. (1:l5) (Figure 1) represent the changes in the ex­
tract spectra.
It can be seen (Figure 3) that aqueous extraction re­
moved material from BCG cells at 6 .14. and 6.8 microns. By 
the twelfth extraction there wes also a significant reduc­
tion in absorption at 6.15 and 6.55 microns, although the 
reduction was not nearly as great as at 6 .I4. end 6.8 microns. 
There were also indications of changes in the material 
present at other wavelengths, however the variations were 
less marked.
The infrared spectra of O.T. (1:15) end the aqueous 
extracts of BCG (figure ip) shows that the first aqueous ex­
tract and O.T. (1:15) have a similar, although not identical 
spectre. The first BCG extract has a maximum absorption at 
6.17 microns while O.T. (1:15) has a maximum at 6.27 microns. 
Neither shows evidence of an absorption peak between this 
point and 6.8 microns. The remainder of these spectra also 
demonstrate similarities and differences particularly be- 
tween 9 and 10 microns.
The absorption spectrum for the twelfth aqueous extract 
differs from the first aqueous extract. for example, in the 
twelfth extract there are absorption peaks at 6.1 microns 
and 6.55 microns which are not evident in the first extract. 
The absorption peak at 7*2 microns has essentially disappeared 
by the twelfth extraction while there is an apparent increase
- 3 V
I n f r a re d  W avelength in M icrons
Figure 1. Infrered sbeorption snectnim of O.T. 1:15*
-S5-
75
70
65
60
55
45
40
30
25 76
In f ra re d  W avelength in M icrons
Figure 2. Infrpred ebsorption spectrum of BCG cells.
-56-
73
70
t
*5m
g 60«»co
65w»-
S 50o 50
45
c
o
Q. 40
k_
o
<A
<f 35
i 30
25
In f ra re d  W avelength in M icrons
Figure 3* Infrared absorption spectra of BCG 
cells I (solid line) and BCG cells 
XII (broken line).
A
bs
or
pt
io
n 
Pe
r 
Ce
nt 
T
ra
ns
m
is
si
on
-57-
7b
70
69
60
99
90
49
40
39 
* 30
29
In f ra re d  W avelength in M icrons
Figure I4. Infrared absorption spectra of BCG aqueous 
extract I (solid line) and BCG aqueous ex­
tract XII (broken line).
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in materiel with absorption between J .6 end 8.0 microns. It 
is of interest thet the spectre between 8 end 9 microns for 
the twelfth extract is quite similar to that of O.T. (1:15)• 
Between 9 and 10 microns, material present in the first ex­
tract, is no longer present in the twelfth extract. Between 
10 and 10.3 there appears to be less material in the twelfth 
extract than in the first. From 10.3 to 11 microns there is 
increased adsorption in the twelfth extract.
It should be noted thet the twelfth extract and the 
residual cells from this extract (Figure 3) both show ebsorp­
tion peaks at 6.1 and 6.55 microns. The latter absorption 
peak is present in the unextracted BCG cells and in the resi­
due cells from all extractions. An examination of the spec­
tra of the cells and corresponding extracts between 1 and 12 
not reproduced here, demonstrated that the absorption peak 
at 6.1 is evident in the fourth extract. The peak at 6.55 
is just beginning to appear in the fourth extract and be­
comes increasingly prominent in the eighth and twelfth ex­
tracts .
The spectra between 6 and 7 micron? represents primarily 
protein material while from 7 to 10 microns is predominantly 
carbohydrate. However, this separation is general and pro­
tein and carbohydrate containing substances may be found to 
overlap throughout the spectrum.
V. DISCUSSION
It wes found that 12 successive adsorptions with normal 
sheep cells did not completely remove the erythrocyte-sensi­
tizing antigens from O.T. Moreover, the rate at which the 
various antigens were removed and the demonstration of others 
only on cells employed for the later adsorptions emphasized 
the multiplicity and independence of the corresponding anti­
bodies (5U)«
In experiments not reported here, it was found that if 
instead of adsorbing O.T. with 0,1 ml of packed cells per 
adsorption, 1 or 2 ml were employed, these cells In 0,$$ 
suspension, did not react in subsequent serologic tests. Ap­
parently the amount of antigen adsorbed per cell wes below 
the minimal quantity necessary for detection by the hemagglu­
tination or hemolytic tests. This conclusion is consistent 
with Tandy's demonstration that a. definite minimum sensiti­
zation is necessary for demonstrable reactivity (50) .
The results may not at. first glance seem to agree with 
Tandy's (50) conclusion that different antigens ere adsorbed 
at particular receptor sites without steric hindrance or com­
petition, However, it is important to remember that Landy 
was dealing with purified antigens from different bacterial 
species. Lederle O.T. consists of a mixture of substances 
all derived from strains of a given mycobacterium. Due to 
the rigorous method of O.T. preparation, it seems possible
-59-
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that a given antigen could be present in undenatured, com­
bined, and degraded forms varying in serologic reactivity 
but possessing affinity for the same receptor site. Some 
of these forms might be serologically nonreective, but still 
capable of influencing the total adsorptive capacity of the 
cell. Therefore, the qualitative and quantitative differ­
ences among the antigens could result in the preferential 
removal of some antigens and the late demonstration of those 
remaining.
The failure of the hemolytic and hemagglutination tests 
as diagnostic or prognostic procedures is partly attributed 
to the lack of specific test antigen Apparently, the
usual techniques for O.T.-sensitizetion of cells have pro­
hibited the demonstration of some antibodies present in tu­
berculous sera. It may be that a more significant antigen 
is present in O.T., but that it has been masked due to the 
variety of cell-sensitizing material that has been shown to 
be present. It was demonstrated that the heat-stable anti­
body in the late bleedings of rabbits (Table III) may be 
directed against an antigen still found in the late adsorp­
tions of O.T. Evidence (51) has been presented that the 
heat-stable antibodies may better be correlated with pro­
gressive tuberculosis in rabbits than are the heat-labile 
antibodies. The detection of a particular heat-stable anti­
body late in the injection may have even greater significance. 
In the titration of antisera with cells sensitized with the
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first aqueous extracts of B^G and M. phlei, the demonstra­
tion of heat-stable antibodies in the antisera to the non­
pathogens was much more consistent than in the antisera to 
the pathogenic strain. While the lack of demonstration is 
attributed at present to a low concentration rather than a 
lack of the prooer antigens in BCG and M. phlei, it is possi­
ble thet the heat-stable antibody response is more specific 
than the heat-labile response.
The fact that normal cells adsorb polysaccharides has 
become synonymous with the concept that they adsorb only 
polysaccharides. Without adequate qualifications, this has 
resulted in the connotation that antigenic differences de­
tected among various tuberculins adsorbed onto red cells 
reflect antigenic differences among the mycobacterial poly­
saccharides. This is in contradiction of the evidence that 
the antigenic differences among purified tuberculo-poly- 
saccharides are not type specific and thet type specificity 
is associated xvith the mycobacterial proteins (2). In order 
to explain the demonstration of serologic differences, It Is 
more logical to assume that polysaccharides are essential 
for adsorption but that polysaccharide containing complexes 
may be adsorbed. Landy (50) found that the only case of 
interference of uptake of ’'polysaccharide11 antigens by nor­
mal erythrocytes was with lipopolysaccharide isolated from 
viable d elmone-lla typhosa. This complex contained more than 
30 oer cent lipid and was poorly adsorbed, by red cells.
Hefting or alkali treatment w p s  found to reduce the amount 
of bound lipid end to increese the sensitizing effectiveness 
of the antigen. However, the treated, substance a s  well as 
four other nurified "polysaccharide” antigens used in the 
sdsorotion studies were classified chemically as lipopoly- 
secchsride. They effectively sensitized erythrocytes which 
indicates that Meynell (J4.8 ) was correct in pointing out that 
"polysaccharide" may be a rather inclusive term in biology.
I t  w a s  f o u n d  t h a t  e r y t h r o c y t e - s e n s i t i z i n g  s u b s t a n c e s  
c a n  b e  e x t r a c t e d  w i t h  w a t e r  o r  s a l i n e  a t  y j C  f r o m  b c c i l l s r y  
m a s s e s  o f  m y c o b a c t e r i a .  I n  v i e w  o f  t h e  d i f f i c u l t y  e n c o u n t ­
e r e d  i n  p r e p a r i n g ,  p u r i f i e d  c o m p o n e n t s  o f  t h e  m y c o b a c t e r i a  
( 1 ) ,  i t  i s  a l m o s t  c e r t a i n  t h a t  t h e  e x t r a c t s  c o n s i s t e d  o f  
c h e m i c a l  c o m p l e x e s .  A p p a r e n t l y  t h e  h i g h  l i p i d  content of 
t h e  m y c o b a c t e r i a  d i d  n o t ,  a s  m e n t i o n e d  a b o v e ,  i n t e r f e r e  
w i t h  t h e  e x t r a c t i o n  o f  a n t i g e n i c  m a t e r i a l  b y  w a t e r  o r  i t s  
s u b s e q u e n t  a d s o r p t i o n  b y  r e d  c e l l s .  T h e  s e r o l o g i c  s p e c i ­
f i c i t y  o f  t h e  e x t r a c t s  w a s  f o u n d .  ( T a b l e s  I V ,  V)  t o  b e  c o m ­
p a r a b l e  t o  t h a t  r e p o r t e d  f o r  r e d - c e l l  s e n s i t i z a t i o n s  w i t h  
p h e n o l i c  e x t r a c t s  o f  d e f a t t e d  o r g a n i s m s  ( k 6 ) .  F o r  i n s t a n c e ,  
s u p p o r t  w a s  f o u n d  f o r  t h e  v i e w  t h a t  t h e  m y c o b a c t e r i a  c o n ­
t a i n  conun o n  a n t i g e n i c  s u b s t a n c e s ,  a n d ,  i n  a d d i t i o n ,  t h e  
t i t r a t i o n s ,  i n h i b i t i o n s ,  a n d  c r o s s - a d s o r p t i o n  t e s t s  i n d i c a t e  
t h e t  a n t i g e n s  c h a r a c t e r i s t i c  o f  t h e  e x t r a c t e d  s t r a i n s  a r e  
o r e s e n t .  T h e  c l o s e  a n t i g e n i c  r e l a t i o n s h i p  b e t w e e n  t h e  h u ­
m a n  a n d  b o v i n e  s t r a i n s  o f  t u b e r c l e  b a c i l l i  w e r e  c o n f i r m e d ,
/ A
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w h i l e  14. p h l e i  a p p e a r e d  t o  b e  a n t i g e n i c e l l y  q u i t e  d i s t i n c t  
w i t h  BCG o c c u p y i n g  a n  I n t e r m e d i a t e  p o s i t i o n .
T h e  a v a i l a b i l i t y  o f  a n t i g e n s  f r o m  i n t a c t  l i v i n g  c e l l s  
s u g g e s t e d  t h a t  r e n e s t e d  e x t r a c t i o n  o l  t h e  b e c i l l a r y  m a s s  
m i g h t  o r o v i d e  a m e a n s  f o r  d e t e r m i n i n g  I f  t h e r e  w e r e  a p r o ­
g r e s s i v e  d e p l e t i o n  i n  a n t i g e n i c  m a t e r i a l  r e l e a s e d  o r  a v a r i ­
a t i o n  i n  t h e  s o e c i f i c i t y  o f  t h e  a n t i g e n s  o b t a i n e d .  An e x ­
t r a c t i o n  p r o c e d u r e  b a s e d  o n  t h e  r e m o v a l  o f  a n t i g e n s  u n d e r  
m i l d  c o n d i t i o n s  c o u l d  c o n c e i v a b l y  b e  r e l a t e d  t o  t h e  c o u r s e  
o f  a n t i g e n  s t i m u l a t i o n  o f  t h e  h o s t  b y  t h e  i n f e c t i n g  m y c o ­
b a c t e r i a .  I t  i s  r e c o g n i z e d  t h a t  t h e  m y c o b a c t e r i a  m a y  p e r ­
s i s t  i n  t h e  h o s t  e v e n  i n  t h e  o r e s e n c e  o f  c h e m o t h e r a p y  a n d  
a n  i m m u n e  r e s p o n s e  f o r  a  m u c h  l o n g e r  p e r i o d  t h a n  m o s t  o t h e r  
. m i c r o o r g a n i s m s  ( 6 , 5 > 5 ) «  I n i t i a l l y ,  t h e r e f o r e ,  t h e  a n t i b o d y  
r e s p o n s e  m a y  b e  d i r e c t e d  a g a i n s t  t h e  a n t i g e n s  i n  t h e  m y c o ­
b a c t e r i a  w n i c h  a r e  o n  t h e  s u r f a c e  o f  t h e  o r g a n i s m  o r  w h i c h  
a r e  e x t r a c t e b l e  u n d e r  p h y s i o l o g i c  c o n d i t i o n s .  As t h e  i n f e c ­
t i o n  p r o g r e s s e s ,  a c e r t a i n  a m o u n t  o f  b a c t e r i a l  l y s i s  ma y  
o c c u r ,  d e p e n d i n g  u p o n  t h e  t y p e  o f  l e s i o n ,  t h e  r e s i s t a n c e  o f  
t h e  h o s t ,  a n d  t h e  r e s o o n s e  o f  t h e  p a r t i c u l a r  i n f e c t e d  o r g a n  
( 6 ) .  T h e  s u c c e s s i v e  e x t r a c t i o n  o f  t h e  m y c o b a c t e r i a  m i g h t ,  
t h e r e f o r e ,  p r o v i d e  a m e a n s  o f  o b t a i n i n g  a n t i g e n i c  m a t e r i a l  
i n  a r o u g h  a p p r o x i m a t i o n ,  o f  t h e  s t a g e s  i n  w h i c h  i t  b e c o m e s  
a v a i l a b l e  t o  t h e  h o s t ,  p e r h a p s  a s  m i n o r  a n t i g e n s .
T h e  r e s u l t s  r e c o r d e d  i n  T a b l e s  IX, X, XI s h o w  t h a t  t h e  
a n t i g e n s  f r o m  t h e  l a t e  e x t r a c t i o n s  o f  t h e  b s c i l l a r y  m a s s e s
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d i s n l a y  a d i f f e r e n t  r a n g e  o f  s p e c i f i c i t y  t h a n  d o  t h e  a n t i ­
g e n s  f i r s t  r e m o v e d  f r o m  t h e  c e l l s .  T h i s  v a r i a t i o n  i s  p a r ­
t i c u l a r l y  e v i d e n t  i n  t h e  c a s e  o f  BCG e x t r a c t s  w h e r e  t h e  p r o ­
p o r t i o n  o f  B C G - s p e c i f i c  a n t i g e n s  s e e m s  t o  i n c r e a s e  i n  t h e  
l a t e  e x t r a c t i o n s .  T h e  M. p h l e i  e x t r a c t s  v a r y  i n  t h a t  t h e r e  
i s  a g e n e r a l  r e d u c t i o n  i n  t h e  a m o u n t  o f  a n t i g e n  e x t r a c t e d ,  
h o w e v e r ,  j u d g i n g  f r o m  t h e  t i t e r s  o b t a i n e d  w i t h  c o n c e n t r a t e d  
P h l e i  e x t r a c t s ,  i t  a p p e a r s  t h a t  t h e  r a t i o  o f  t h e  d i f f e r ­
e n t  a n t i g e n s  i s  a p p r o x i m a t e l y  t h e  s a m e  i n  e a c h  e x t r a c t .
T h e  e f f e c t  o f  d i l u t i n g  o r  c o n c e n t r a t i n g  t h e  f i r s t  
a q u e o u s  BCG e x t r a c t  o n  i t s  s e n s i t i z i n g  c a p a c i t y  w a s  l e s s  
m a r k e d  i n  t i t r a t i o n s  o f  a n t i - B C G  s e r u m  t h a n  o f  h e t e r o l o g o u s  
s e r a .  An i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  t h e  e x t r a c t  d i d  
n o t  i n t e r f e r e  w i t h  t h e  a d s o r p t i o n  o f  t h e  v a r i o u s  a n t i g e n s .
T h e  s l i g h t  i n c r e a s e  i n  t i t e r  f o u n d  f o r  t h e  h o m o l o g o u s  s y s ­
t e m  w i t h  t h e  e i g h t - t i m e s  c o n c e n t r a t e d  e x t r a c t  a s  c o m p a r e d  
t o  t h e  g r e a t e r  i n c r e a s e  f o r  t h e  h e t e r o l o g o u s  t i t e r  i n d i c a t e s  
t h a t  t h e  r e d  c e l l  w a s  s a t u r a t e d  w i t h  BCG a n t i g e n  w h e n  s e n s i ­
t i z e d  I n  t h e  o r i g i n a l  e x t r a c t .  H o w e v e r ,  t h e  a m o u n t  o f  c r o s s -  
r e a c t i n g  a n t i g e n  o r e s e n t  p r i o r  t o  c o n c e n t r a t i o n  a p p a r e n t l y  
d i d  n o t  s a t u r a t e  a l l  o f  t h e  r e c e p t o r s  o n  t h e  r e d  c e l l  f o r  
t h i s  a n t i g e n .  I t  a p p e a r s  t h e t  u n l i k e  o . T . ,  t h e  a n t i g e n s  
p r e p a r e d  b y  t h e  a q \ i e o u s  e x t r a c t i o n s  d o  n o t  c o n s t i t u t e  a 
m i x t u r e  o f  m u t u a l l y  i n t e r f e r i n g  s u b s t a n c e s .
Meynell (I18) has reported that the surface of the cell 
in a human strain of tubercle bacillus is predominantly
polysaccharide, while the "deeper” antigens are protein. As 
has been mentioned previously, the protein antigens (2) prob­
ably represent the most specific antigens in mycobacteria 
which, according to Meynell, would normally be masked with 
the cross-reacting polysaccharide antigens. From the re­
sults (Tables IX, X), it would appear that BCG may have such 
an antigenic constitution, but that in M. phlei the antigens 
are arranged differently.
It has often been stated (I4.6 ) that the antigenic nature 
of the pathogenic mycobacteria is more complex than that of 
the saprophytes. These conclusions have been arrived at not 
by isolation of antigens but because of the results of in­
hibition and adsorption tests. The tests with BCG alluded 
to above suggest that the antigens are arranged in ’’strata" 
with the cross-reacting polysaccharides oresent at the sur­
face of the organism. In M. phlei, the different antigens 
seem to be distributed proportionally throughout the organism. 
Therefore, the demonstration of M. phlei as antigenically 
more distinct than the other strains or types may actually 
be only a reflection of the ready availability of some spe­
cific protein antigens. It may be that in the pathogens 
the occurrence of "strata” is even more marked than in BCG
(U6).
The fact that specific antigens are available from BCG 
Is demonstrated by the Increasing specificity of the anti­
gens obtained by the successive extraction of the bacilli.
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In fact, if cells sensitized with the late extracts of BCG 
were comnsred serologically with the early or late extracts 
il* phlei, the conclusion could be drawn thet BCG is snti- 
genically most distinct.
The infrared absorption spectra of the BCG cell3 snd 
extracts supports the serologic evidence that increasingly 
specific material is obtained by successive extractions of 
the bacillary mass. It can be seen (Figure I4.) that absorp­
tion peaks in the 6 to 7 micron renge detectable In all of 
the cell preparation do not appear in the first extraction 
of the bacilli. However, the peaks do appear in the later 
extracts. The 6 to 7 micron range is considered to be pri­
marily a reflection of the protein components. It is in­
teresting that the appearance of distinctive absorption 
peaks in this area is consistent with the evidence that 
type specificity of the mycobacteria is due to protein.
While the material at any given wave length has not been 
demonstrated to be adsorbable to red cells, it is known 
that carbohydrate is present throughout the spectrum which 
might function as the adsorbable part of the complex.
The evidence that the antigens of BCG and M. phlei 
may not be present in corresponding positions is not with­
out precedence among other genera of bacteria. The appeer- 
ance of envelopes, layers, or strata of antigens, for lack 
of better terms, is frequently found. For instance, the Vi 
antigen (5>6 ) of the Galmonella is a surface antigen that
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p r e v e n t s  t h e  s e r o l o g i c  d e m o n s t r a t i o n  o f  t h e  B o i v i n  a n t i g e n s  
w h i c h  a r e  n o t  q u i t e  a s  s u p e r f i c i a l .  W h e n  t h e  V i  a n t i g e n  i s  
l o s t  a s  a r e s u l t  o f  c u l t u r i n g  t h e  o r g a n i s m  o n  a r t i f i c i a l  
m e d i a ,  t h e  B o i v i n  a n t i g e n s  m a y  b e  d e m o n s t r a t e d .  T h e s e  c o m ­
p l e x e s  o f  p o l y s a c c h a r i d e ,  l i p i d ,  a n d  p r o t e i n  s e e m  t o  b e  s u ­
p e r f i c i a l  t o  o t h e r  a n t i g e n s  t h s t  m a y  b e  r e v e a l e d  d u e  t o  s u c ­
c e s s i v e  d i s s o c i a t i o n  o f  t h e  o r g a n i s m  i n  c u l t u r e .
I n  t h e  s t r e p t o c o c c i ,  t h e  g r o u t )  s p e c i f i c  p o l y s a c c h a r i d e  
i s  a p p a r e n t l y  m a r k e d  b y  t h e  t y p e  s p e c i f i c  a n t i g e n s  w h i c h  ma y  
b e  p r o t e i n  o r  c a r b o h y d r a t e  ( $ 6 ) .  I n  g r o u p  A,  t h e  t y p e  s p e ­
c i f i c  a n t i g e n s  a r e  p r o t e i n  d e s i g n a t e d  a s  M a n d  T .  T h e  p r e s ­
e n c e  a n d  a b s e n c e  o f  IT a n d  T v a r i e s  s o  t h a t  e i t h e r  o n e  m a y  
o c c u r  a l o n e  o r  t h e y  m a y  o c c u r  t o g e t h e r .  A l s o  o r g a n i s m s  w i t h  
d i f f e r e n t  H a n t i g e n s  m a y  p o s s e s s  t h e  s a m e  T e n t i g e n ,  a n d  
v i c e  v e r s a .
P e r h a p s  o n e  o f  t h e  m o s t  t h o r o u g h l y  s t u d i e d  b a c t e r i a l  
a n t i g e n s  i s  t h e  p o l y s a c c h e r i d e  o f  t h e  p n e u m o c o c c u s  c a p s u l e .  
G e n e r a l l y  k n o w n  a s  s o l u b l e  s p e c i f i c  s u b s t a n c e  ( S S S ) ,  i t  
v a r i e s  c h e m i c a l l y  a n d  a n t i g e n i c a l l y  a m o n g  t h e  d i f f e r e n t  
t y p e s  a n d  h a s  b e e n  i d e n t i f i e d  a s  t h e  e s s e n t i a l  i m m u n i z i n g  
f a c t o r  o f  t h e  p n e u m o c o c c u s .  O t h e r  a n t i g e n s  a l s o  o c c u r  i n  
t h e  p n e u m o c o c c i  s u c h  a s  C s u b s t a n c e ,  n u c l e o p r o t e i n ,  a n d  
P o r s s m e n  a n t i g e n .  T h e  C s u b s t a n c e  i s  a c a r b o h y d r a t e  a n d  
w i t h  t h e  n u c l e o p r o t e i n  a n d  P o r s s m e n  a n t i g e n  a p p e a r s  t o  b e  
a n t i g e n i c a l l y  i d e n t i c a l  i n  a l l  p n e u m o c o c c i .  T h e  P o r s s m e n  
a n t i g e n  i s  n o t  u n i f o r m l y  p r e s e n t .
-68-
The variation in occurrence, position, and chemical 
nature of bacterial antigens may be further complicated by 
the existence of complexes in which the serologic specifi- 
city Is a junction of a hapten in the complex. The Forss- 
man antigen which is found in many animal suedes and some 
bacteria was the first example described of a naturally oc­
curring hapten. It was found (28) that In the cell it ex­
ists as a carbohydrate-lipid-protein complex. However, ex­
traction with certain organic solvents results in a carbo­
hydrate -lipid substance that contains the specificity of 
the intact complex but is not itself antigenic. Further 
investigation revealed that the hapten could be rendered 
antigenic by mixture with protein carriers such as foreign 
serum.
The demonstration that a purified substance is antigenic 
is unequivocal. The failure of a given substance to be anti­
genic may have little relationship to its role under circum­
stances where it may serve as a hapten, and thus be a sig­
nificant factor in influencing antibody formation. There­
fore, complexes ere receiving Increasing attention in the 
study of disease processes.
The role of lipopolysacchsride complexes in the patho­
genesis of tuberculosis has been the object of considerable 
study. Bloch (57) concluded that the toxic petroleum ether 
soluble-material extracted from living virulent tubercle 
bacilli was located at the surface of the cell end that its
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rer.ioval did not disturb any essential structures of the cell. 
The cells grew normally after its removal, but did not cause 
the rapidly progressive tuberculosis in animals produced by 
cultures still containing the "cord factor". In further 
studies ( 59,60 ), additional evidence was nresented that 
the "cord factor" occurred as e surface component that could 
be considered a secretory product depending on the prevail­
ing physicochemical conditions.
Choucroun (61) claimed that an antigenic lipopoly- 
saccharide could be isolated from the tubercle bacilli by 
paraffin oil extraction of pulverized organisms. In view 
of the ability of complexes to combine with protein carri­
ers, the assignment of antigenicity to this complex may be 
less significant than the fact that specificity of the 
antibody Is at least influenced by it.
The method of red-cell sensitization seems to be par­
ticularly adapted to the study of cell complexes. It is 
characteristic of most complexes that carbohydrate is one 
of the components. The affinity of polysaccharides for the 
erythrocyte surface provides the mechanism for adsorption 
of complexes to a readily detectable carrier. By this means, 
the "polysaccharides" of Leptospira (62), E. col1 (63), Pas- 
teurella tularensis and other bacteria have been investi­
gated serologically (^0). Ceby, Block, and Bondi ('-) in 
further studies of tuberculins hove used hemagglutinin ad­
sorption to show antigenic differences among strains of
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mycobecterie as closely related as H37R& and H37Rv. How­
ever, common antigens were always demonstrated.
It is proposed that by a combination of the extraction 
procedures employed in this dissertation and the well sub­
stantiated hemagglutination and hemolytic tests and their 
modifications, a better definition of the antigens of the 
mycobacteria can be expected. It appears that the combina­
tion of methods lends itself to determination of the possi­
ble position of the antigens and to the serologic identifi­
cation of the mycobacteria*
VI. SUMMARY
1. The multiple adsorption of undiluted O.T. revealed anti­
gens not ordinarily detected.
2 . Lrythrocyte-sensitizing antigens can be readily obtained
from masses of mycobacteria by extraction at 37C with 
water or saline.
3. The specificities of these antigens are similar to those
demonstrated in extracts obtained by more radical pro­
cedures.
lg. The technique of repeated extraction of the seme becil- 
lary mass offers a method of investigating various my­
cobacterial antigen-antibody systems.
5. The antigens of BCG appear to be arranged in the cell
differently then the antigens of M. phlei.
6. Upon repeated extraction with water the antigens ob­
tained from BCG cells increase in specificity when 
tested with homologous serum.
7. The infrared absorption spectra are consistent with the
conclusions drawn from the serologic studies.
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